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INTEGRATED CIRCUIT DEVICES HAVING BURIED INSULATION LAYERS 
AND METHODS OF FORMING THE SAME 

CLAIM FOR PRIORITY 
5 This application claims priority to Korean Patent Application Nos. 2002- 

73872 and 2003-412 11, filed on November 26, 2002 and June 24, 2003 respectively 
the contents of which are incorporated herein by reference in their entireties. 

FIELD OF THE INVENTION 
10 The present invention generally relates integrated circuit devices and, more 

specifically, to structures in integrated circuit devices including insulation layers 
therein and the methods of forming the same. 

BACKGROUND 

15 Many integrated circuit devices employ metal-oxide-silicon field-effect 

transistors (MOSFETs) constructed of gate oxide layers and gate electrodes which are 
stacked on an integrated circuit substrate and source and drain regions formed in the 
substrate at both sides of the gate electrodes. The source and drain regions contacts 
include P/N junctions with the substrate. 

20 Many dynamic random access memories (DRAMs), typically high density 

memories, include arrays of memory cells each composed of one-MOSFET and one- 
capacitor. These DRAMs are becoining more highly integrated despite the fact that 
some physical phenomena that may act as limitations to operational stability of the 
devices therein. 

25 Exemplary conventional DRAM memory cell arrays are shown in Figs. 1 and 

2. Referring to the plan view of FIG. 1 and the sectional view of FIG. 2 taken along 
the line I-F of FIG. 1, field isolation layers 12 are formed in an integrated circuit 
substrate 10 to define active regions. Gate patterns 20 are arranged on the substrate 
10, across the active regions and the field isolation layers 12. The gate patterns 20 are 

30 formed of gate oxide layers 14, gate electrodes 16, and hard mask patterns 18. On 
both sidewalls of the gate pattems 20, gate spacers 22 are formed. Source and drain 
regions, 24s and 24d, are disposed within the active regions of the substrate 1 0, 
between gate pattems 20, forming P/N junctions with the substrate 10. 
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As devices become more highly integrated, short channel effects and punch- 
through phenomena may become obstacles to device performance. The short channel 
and punch-through effects can arise from expansion of depletion regions associated 
with the P/N junctions formed by the source and drain regions, relative to channel 
5 widths, in devices formed with, for example, sub 1 micron gate patterns. 

Several techniques have been proposed to overcome short channel effects and 
pxmch-through effects, such as a formation of shallow junctions for the source and 
drain regions and a use of silicon-on-insulator (SOI) substrates. However, the shallow 
junctions may increase junction leakage currents (although those structures may help 
10 reduce the short channel effect). The SOI substrates may contribute to floating body 
effects, inefficient properties for heat transmission, and high cost productivity 
(although SOI may reduce the short channel effects, junction leakage currents, and 
junction capacitance because P/N junctions do not exist under impurity regions). 

15 SUMMARY 

Embodiments according to the invention can provide integrated circuit devices 
including buried insulation layer. Pursuant to these embodiments, an integrated 
circuit device includes a gate electrode formed on an active region of an integrated 
circuit device and on a field isolation layer adjacent to the active region. A source 

20 region and a drain region are in the active region on alternate sides of the gate 
electrode. At least one buried insulation layer is beneath the drain region or the 
source region. 

In some embodiments according to the invention, the integrated circuit device 
further includes a channel silicon layer covering the buried insulation layer in the 
25 active region. In some embodiments according to the invention, the channel silicon 
layer is epitaxially grown single crystalline silicon. 

In some embodiments according to the invention, a gate electrode is formed 
on an active region of an integrated circuit device and on a field isolation layer 
adjacent to the active region. A source region and a drain region are formed in the 
30 active region on altemate sides of the gate electrode. At least one buried insulation 
layer is formed beneath the drain region or the source region. 

In some embodiments according to the invention, a passivation layer is formed 
in a predetermined region of an integrated circuit substrate. A channel silicon layer is 
formed on the substrate including the passivation layer. The channel silicon layer and 
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the substrate are patterned to expose sides of the passivation layer and to forming a 
trench defining an active region. The exposed passivation layer is selectively 
removed to form a vacant space and a buried insulation layer is formed in the vacant 
space and forming a field isolation layer in the trench. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIGl is a plan view illustrating a conventional DRAM cell array. 
FIG 2 is a sectional view taken along line I-F of FIG 1. 
FIG 3 is a plan view illustrating a DRAM cell array according to some 
1 0 embodiments of the invention. 

FIG 4 is a perspective view illustrating a DRAM cell array according to some 
embodiments of the invention. 

Figs, 5 A through 9A are sectional views illustrating methods of forming a 
DRAM cell array taken along line Il-ir of FIG 3 according to some embodiments of 
1 5 the invention. 

Figs. 5B through 9B are sectional views illustrating methods of forming a 
DRAM cell array taken along line Ill-Iir of FIG 3 according to some embodiments of 
the invention. 

FIG 10 is a perspective view illustrating a DRAM cell array according to 
20 some embodiments of the invention. 

Figs. 11 A through 15A are sectional views illustrating methods of forming a 
DRAM cell array taken along line IV-IV' of FIG 10 according to some embodiments 
of the invention. 

Figs. IIB through 15B are sectional views illustrating methods of forming a 
25 DRAM cell array taken along line V-V* of FIG 10 according to some embodiments of 
the invention. 

Figs. 12C and 12D are sectional views illustrating methods of forming a 
DRAM cell array taken along lines IV-IV and V-V of FIG 10 respectively according 
to some embodiments of the invention. 
30 FIG 16 is a perspective view illustrating a DRAM cell array according to 

some embodiments of the invention. 

Figs. 17A through 20A are sectional views illustrating methods of forming a 
DRAM cell array taken along line VI- VF of FIG 1 6 according to some embodiments 
of the invention. 
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Figs. 1 7B through 20B are sectional views illustrating methods of forming a 
DRAM cell array taken along line VII- Vir of FIG 16 according to some 
embodiments of the invention. 

5 DESCRIPTION OF EMBODIMENTS ACCORDING TO THE INVENTION 

The invention will now be described more fully hereinafter with reference to 
the accompanying drawings, in which embodiments of the invention are shown. This 
invention may, however, be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein. Rather, these embodiments 

10 are provided so that this disclosure will be thorough and complete, and will fully 
convey the scope of the invention to those skilled in the art. 

In the drawings, the thickness of layers and regions are exaggerated for clarity. 
It will be understood that when an element such as a layer, region or substrate is 
referred to as being "on" another element, it can be directly on the other element or 

15 intervening elements may also be present. 

Furthermore, relative terms, such as "lower" and "upper", may be used herein 
to describe one element's relationship to another elements as illustrated in the Figures. 
It will be understood that relative terms are intended to encompass different 
orientations of the device in addition to the orientation depicted in the Figures. For 

20 example, if the device in the Figures is tumed over, elements described as being on 
the "lower" of other elements would then be oriented on "upper" of the other 
elements. The exemplary term "lower", can therefore, encompass both an orientation 
of lower and upper, depending of the particular orientation of the figure. 

It will be understood that although the terms first and second are used herein 

25 to describe various regions, layers and/or sections, these regions, layers and/or 

sections should not be limited by these terms. These terms are only used to distinguish 
one region, layer or section fi-om another region, layer or section. Thus, a first region, 
layer or section discussed below could be termed a second region, layer or section, 
and similarly, a second without departing from the teachings of the present invention. 

30 Like numbers refer to like elements throughout. 

FIGs. 3 and 4 show, respectively, a layout pattern (and perspective view) of a 
partial of a DRAM cell array according to some embodiments of the invention 
respectively. Referring to FIGs. 3 and 4, field isolation layers 200' are formed in an 
integrated circuit substrate 100 to define active regions therein. Single crystalline 
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silicon is epitaxially grown at upper positions of the active regions to form channel 
silicon layers 140. Gate patterns 210 are arranged across the channel silicon layers 
140 and the field isolation layers 200'. Each gate layer includes a gate insulation layer 
212, a gate electrode 214, and a capping insulation layer 216. 
5 Impurity diffusion regions are formed in the active regions on both sides of the 

gate pattems 2 10 to provide source and drain regions 240s and 240d respectively. It is 
desirable to settle the source and drain regions in the channel silicon layers 140. 
Buried insulation layers 220a are formed under the drain regions 240d in the substrate 
100 at a depth below the channel silicon layers 140. In some embodiments according 

10 to the invention, the buried insulation layers 200a may contact the field isolation 

layers 200'. Furthermore, in some embodiments according to the invention, the buried 
insulation layers can be formed simultaneous with the field isolation layers 200*. In 
some embodiments according to the invention, the buried insulation layers 200a may 
contain vacancies (or voids). In some embodiments according to the invention, the 

15 material of the buried insulation layers 200a may be the same as that of the field 
isolation layers 200*. Spacers 220 are formed on the sidewalls of gate layers 210. 

In some embodiments according to the invention, because the buried 
insulation layers 200a are located deeper in the substrate than the channel silicon 
layers 140 and under the drain regions 240d, it is possible to reduce the extension of 

20 depletion regions generated aroimd the drain regions 240d, which can reduce short 
charmel effects and punch-through phenomena. Moreover, the buried insulation 
layers 200a may enable the thickness of the channel silicon layers 140 to be increased, 
which can allow the depth of the source and drain regions, 240s and 240d, to be 
increased. Such an increase in the depth of the source and drain regions may reduce 

25 jxmction leakage currents. Furthermore, avoiding the use of an SOI substrate may 
enable the floating body effects discussed above to be avoided while reducing short 
channel and punch-through effects and reducing manufacturing costs. 

FIGs. 5 A through 9 A illustrate steps of forming a device shown in FIGs. 3 and 
4 according to some embodiments of the invention. FIGs 5 A through 9A are taken 

30 along line II-IF of FIG 3 while the sections of FIGs. 5B through 9B are taken along 
line Ill-Iir of FIG 3. 

Referring to FIGs. 3, 5 A, and 5B, a mask layer 1 10 is formed on the substrate 
100 to expose predetermined regions thereof. An anisotropic etch is performed using 
the mask layer 110 to form shallow trenches 120 in the substrate 100. The mask layer 
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110 is made of an insulation material having an etching selectivity relative to the 
substrate 100. For example, the mask layer 110 can be silicon-oxide or silicon-nitride. 
The shallow trenches 120 are formed to surround a region of the substrate 100 in 
which the drain regions 240d will be subsequently formed. 
5 Referring to FIGs. 3, 6A, and 6B, passivation layer 130 is formed to fill the 

shallow trenches 120. In some embodiments according to the invention, the 
passivation layer 130 is formed using a material that has an etching selectivity relative 
to the substrate 100. The passivation layer 130 may be formed by epitaxial growth 
with a silicon-germanium compound (SiGe) using ultra-high vacuum chemical vapor 

10 deposition (UHV-CVD) or low-pressure chemical vapor deposition (LP-CVD). After 
forming the passivation layer 130, the mask layer 110 is removed to expose a surface 
of the substrate 1 00. 

A channel silicon layer 140 is deposited on the exposed surface of the 
substrate 100. The channel silicon layer 140 can provide a region of the active region 

15 that functions as a channel of the transistors. In some embodiments according to the 
invention, the channel silicon layer 140 is formed using a material having an etching 
selectivity relative to the passivation layers 130, such as single crystalline silicon. 
The channel silicon layer 140 may be formed by epitaxial growth with single 
crystalline silicon using ultra-high vacuum chemical vapor deposition (UHV-CVD) or 

20 low-pressure chemical vapor deposition (LP-CVD). 

It will be understood that the passivation layer 130 is buried under active 
regions in the substrate 100 in which the drain regions 240d are subsequently formed. 
The channel silicon layer 140 is deposited on the active regions, covering the 
substrate 100. 

25 Referring to FIGs, 3, 7A, and 7B, a trench mask layer 150 is provided to 

expose predetermined regions on the channel silicon layer 140. The channel silicon 
layer 140 and the substrate 100 are partially etched using the trench mask 150 to form 
trenches 155 in the substrate 100 to define the active regions therebetween. The 
trenches 155 include sidewalls that expose portions of the passivation layer 130. That 

30 is, sides of the passivation layer 1 30 are exposed through the openings by the trenches 
because the etching is carried out until it reaches a predetermined depth into the 
substrate 100. 

The exposed passivation layer 130 is removed to form vacant spaces 155a that 
extend horizontally into the substrate 100 as shown in FIG 7B, by which the trenches 
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155 may be connected to one another. In some embodiments according to the 
invention, the passivation layer 130 are removed by isotropic dry etching v^ith an 
etchant having a selectivity relative to the channel silicon layers 140 and the substrate 
100, to reduce damage. In some embodiments according to the invention, the etching 
5 is performed using a wet etch. 

Referring to FIGs. 8 A, 8B and FIG 3, a field isolation layer 200 is deposited 
on the substrate 100 (including the the vacant spaces 155a firom which the passivation 
layer 130 were removed) to fill the trenches 155. The field isolation layer 200 that fill 
the vacant spaces 155a conforms to the buried insulation layers 200a so that the 

10 buried insulation layers 200a can be formed of the same material (and at the same 
time) with the field isolation layer 200. In some embodiments according to the 
invention, the field isolation layer 200 is formed of silicon oxide by CVD or a spin 
coating process. For example, in some embodiments according to the invention, the 
field isolation layer 200/ buried insulation layers 200a is formed of at least one of the 

1 5 following materials: a high density plasma (HDP) oxide, a undoped silicate glass 
(USG), and a spin-on-glass (SOG) series material to reduce the occurrence of 
vacancies in therein. 

In some embodiments, according to the invention, thermal oxidation can be 
performed to form sidewall oxide layers (not shown) in the vacant spaces 155a before 

20 depositing the field isolation layer 200. The sidewall oxidation may reduce damage 
caused by the etching used to form the trenches 155 and the vacant spaces 1 55a. In 
some embodiments according to the invention, a liner of, for example a silicon- 
nitride, can be formed to cover the surfaces of the trenches 155 and the vacant spaces 
155a. 

25 In some embodiments according to the invention, the buried insulation layers 

200a and the field isolation layer 200 are formed sequentially. For example, a thermal - 
oxidation can be performed on the substrate 100 (including the vacant spaces 200a) to 
form the buried insulation layers 200a in the vacant spaces 200a, thereby forming the 
buried insulation layers 200a of thermal oxide layers. Accordingly, sidewall oxide 

30 layers may also be by formed on sidewalls and bottoms of the trenches 155 and the 
field isolation layer 200 is formed to fill the trenches 155. In some embodiments 
according to the invention, a liner (not shown) is formed before depositing the field 
isolation later 200. 

Referring to FIGs. 3, 9A, and 9B, the field isolation layer 200 is planarized by 
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etching until the trench mask layer 150 is exposed to form the patterned field isolation 
layers 200'. The trench mask layer 150 is removed to expose the top of the channel 
silicon layers 140. A gate insulation layer, a conductive gate layer, and a capping 
insulation layer are sequentially deposited on the exposed channel sihcon layer 140. 
5 In some embodiments according to the invention, the gate insulation layer is formed 
of a silicon oxide layer by thermally oxidizing the exposed top of the channel silicon 
layers 140. In some embodiments according to the invention, the conductive gate 
layer is formed of a conductive material containing polycrystalline silicon. In some 
embodiments according to the invention, the capping insulation layer is formed of a 

10 dielectric (or insulation) material, such as silicon-nitride or silicon-oxide-nitride, 
which can be used as a reflection protecting layer or a hard mask layer. 

The capping insulation layer, the conductive gate layer, and the gate insulation 
layer are pattemed to predetermined configurations, so that the pattemed layers 
becomes the gate insulation layers 212, the gate electrodes 214, and the capping 

15 insulation layers 216, arranged across the field isolation layer 200*, to provide the gate 
layers 210. 

The gate layers 210 are used as a mask layer during an ion implantation to 
form the impurity diffusion regions for the source and drain regions 240s and 240d 
respectively. The drain regions 240d are formed above the buried insulation layers 

20 200a to reduce short charmel and punch-through effects by reducing/preventing the 
expansion of depletion regions around the drain regions 240d. 

In other embodiments according to the invention, a duplicate gate structure 
and a buried insulation layer are provided to control the channel more closely and, 
therefore, reduce punch-through and short channel effects. A partial perspective view 

25 of an integrated circuit device including a duplicate gate structure and a buried 

insulating layer according to some embodiments of the invention is shown in FIG. 10. 
In particular, channel silicon layers 306 are disposed in an integrated circuit substrate 
300. The chaimel silicon layers 306 can be formed of single crystalline silicon formed 
by means of the epitaxial growth. The channel silicon layers 306 and the substrate 

30 300 are sequentially patterned to form trenches 3 1 2, which define active regions 
therebetween. 

Field isolation layers 324a' are formed in the trenches 312. In some 
embodiments according to the invention, the tops of the field isolation layers 324b are 
lower than the channel silicon layers 306, so that the top sides of the active regions 
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are exposed. The exposed portions of the active regions may include the channel 
silicon layers 306 and parts of the substrate 300. Sidewall oxide layers 316 are 
deposited on sidewalls and bottoms of the trenches 312 and the field isolation layers 
324a' are deposited thereon. In some embodiments according to the invention, liner 
5 layers 322a can be formed between the sidewall oxide layers 316 and the field 

isolation layers 324b. The field isolation layers 324b may be formed of silicon oxides 
and the sidewall oxide layers 316 can be formed of thermal oxides. The liner layers 
322a may be formed of silicon-nitride or silicon-oxide-nitride. 

Gate layers 335 are formed across the active regions and the field isolation 

10 layers 324b. The gate layers 335 are arranged on the top and sides of the active 
regions {i.e., the channel) to provide a duplicate structure to control the channel 
regions from opposite sides. Such a duplicate gate structure may further reduce the 
short channel and punch-through effects. Furthermore, the effective charmel width 
may be increased to increase the amount of on-current. 

15 In some embodiments according to the invention, the gate layers 335 include 

gate insulation layer 328a, a gate electrode 330a, and a capping insulation layer 332a. 
In some embodiments according to the invention, the gate insulation layer 328a is 
formed of a silicon oxide layer, such as a thermal oxide layer. In some embodiments 
according to the invention, the gate electrode 330a is formed of a conductive material, 

20 such as a doped polycrystalline layer. The gate electrode 330a may fiirther include a 
metal silicide layer formed on the doped polycrystalline layer. In some embodiments 
according to the invention, the capping insulation layer 332a is formed of a silicon- 
nitride layer or a silicon-oxide-nitride layer. 

Impurity diffusion layers are formed in the active regions on both sides of the 

25 gate layers 335 to provide source and drain regions 340s and 340d. In some 

embodiments according to the invention, the source and drain regions 340s and 340d 
are formed within the channel silicon layer 306. In some embodiments according to 
the invention, the drain regions 340d are shared by adjacent transistors. 

Buried insulation layers 320 are formed under the channel silicon layers 306, 

30 contacting the bottoms of the drain regions 340d. In some embodiments according to 
the invention, the buried insulation layer 320 is formed of a thermal oxide. In some 
embodiments according to the invention, the buried insulation layer 320 is made of 
the same material that forms the sidewall oxide layer 316. That is, the buried 
insulation layers 320 may be constructed together with the sidewall oxide layers 316. 
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In some embodiments according to the invention, the buried insulation layer 
320 may contain the same material as the field isolation layers 324b. In some 
embodiments according to the invention, the buried insulation layer 320 and the field 
isolation layers 324b are formed of evaporated or coated insulation layers. Although 
5 not shown, the buried insulation layers 320 may be formed of the same material as the 
liner layer 322a. The buried insulation layers 320 may also contain vacancies therein. 

It is possible to reduce the extension of depletion regions around the drain 
regions 340d by placing the buried insulation layers 320 imder the channel silicon 
layers 306, and specifically under the drain regions 340d. This placement may 

10 effectively reduce short channel and punch-through phenomena. Moreover, the 
duplicate gate structure defined by the exposed top and sides of the active regions 
may be more efficient and, thereby reduce the short channel and punch-through 
effects. In addition, it may be possible to provide an integrated circuit device that is 
less susceptible to short channel and punch-through effects while being less expensive 

15 to manufacture by avoiding the use of an expensive SOI substrate. 

Now, FIGs. 1 1 A through 1 5B illustrate steps of forming a device shown in 
FIG 10 according to some embodiments of the invention. The sections FIGs 11 A 
through 15A are taken along line IV-IV' of FIG 10 while the sections FIGs. IIB 
through 15B are taken along line V-V of FIG 10. Specifically, FIGs. 12C and 12D 

20 are sectional views illustrating methods of forming buried insulation layers in the 

device shown in FIG 1 0 according to some embodiments of the invention, each taken 
along lines IV-IV and V-V of FIG 10. 

Referring to FIGs. 11 A and IIB, a mask (not shown) is used to expose 
predetermined regions of the integrated circuit substrate 300. An anisotropic etching 

25 is carried out using the mask to form shallow trenches 302 in the substrate 300. A 
passivation layer 304 is formed to fill the shallow trenches 302. In some 
embodiments according to the invention, the passivation layer 302 is formed of a 
material that has an etch selectivity relative to the silicon substrate 300. In some 
embodiments according to the invention, the passivation layers 304 is formed by 

30 means of epitaxial growth with silicon-germanium compound (SiGe) using an ultra- 
high vacuum chemical vapor deposition (UHV-CVD) or low-pressure chemical vapor 
deposition (LP-CVD). During the epixatial growth, the mask layer acts as a growth 
protection layer to enable the passivation layers 304 to be selectively formed in the 
shallow trenches 302. The etching selectivity may be enhanced by increasing the 
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concentration of germanium in the SiGe compound. The processes of forming the 
shallow trenches 302 and the passivation layers 304 can be carried out in the same 
manner as used for the shallow trenches 120 and the passivation layers 130 as 
discussed above in reference to FIGs. 5 A and 6A. 
5 The mask layer is removed and the channel silicon layer 306 is deposited on 

the substrate 300 to cover the passivation layers 304. The channel silicon layer 306 is 
formed of a material, such as single crystalline silicon, by epitaxial growth using 
ultra-high vacuum chemical vapor deposition (UHV-CVD) or low-pressure chemical 
vapor deposition (LP-CVD). 

10 A trench mask layer 308 including openings 310 is formed on the channel 

silicon layer 306 deposited in the substrate 300 to expose predetermined regions. In 
some embodiments according to the invention, the trench mask layer 308 is made of a 
material having an etching selectivity relative to the channel silicon layer 306 and the 
substrate 300, such as silicon-nitride or silicon-oxide-nitride. 

15 Referring to FIGs. 12A and 12B, the channel silicon layer 306 and the 

substrate 300 are partially etched away using the trench mask layer 308 so that the 
trenches 312 are formed in the substrate 100 to define the active regions. The 
trenches 312 expose partial sides of the passivation layers 304. That is, the sides of 
the passivation layers 304 are exposed in the trenches when the etching reaches a 

20 predetermined depth into the substrate 300. 

The exposed passivation layer 304 is selectively removed to form vacant 
spaces 314 through which the trenches 312 are connected to one another. The 
passivation layer 304 is removed using an etchant having a selectivity relative to the 
channel silicon layers 306 and the substrate 300. In some embodiments according to 

25 the invention, the passivation layer 304 is removed by an isotropic dry etching to 
reduce damage. In some embodiments according to the invention, the passivation 
layer 304 is removed by wet etching. 

Referring to FIGs. 12A and 12B, buried insulation layers 320 are formed in 
the vacant spaces 314 and in the trenches 312 to form the field isolation layers 324. 

30 The bxuied insulation layers 320 and the field isolation layers 324 may be deposited 
separately. In some embodiments according to the invention, the buried insulation 
layers 320 are formed of a thermal oxide layer generated by thermal oxidation to the 
substrate 300 containing the vacant spaces 314. Sidewall oxide layers 316 are formed 
on the bottoms and sides of the trenches 312. The thermal oxidation may reduce 

11 
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abrasions and other damage to the top and sides of the trenches 312 and the inner 
surfaces of the vacant spaces 314 caused by the etching steps, 

A liner layer 322 of silicon-nitride is formed in the trench 312 and the field 
isolation layer 324 of silicon-oxide is deposited on the liner layers 322 to fill the 
5 trench 312. In some embodiments according to the invention, the trench meisk layer 
308 is removed before forming the liner layer 322 to reduce the ratio of length to the 
width of the trench 312. In some embodiments according to the invention, the buried 
insulation layers 320 and the field isolation layers 324 are formed simultaneously as 
shown in FIGs. 12C and 12D. In such embodiments according to the invention, the 
10 buried insulation layer 320 and the field isolation layers 324 are formed of the same 
material. 

Referring to FIGs. 12C and 12D, a field isolation layer 324* is formed on the 
substrate 300 to fill the vacant spaces 314 and the trenches 312. The portions of the 
field isolation layer 324' that fill the vacant spaces 314 correspond to the buried 

1 5 insulation layers 320*. In some embodiments according to the invention, the field 
isolation layer 324' is a material having excellent step coverage, such as SOG In 
some embodiments according to the invention, the field isolation layer 324' is formed 
by HVCVD or LPCVD, In some embodiments according to the invention, a thermal 
oxidation process is performed before depositing the field isolation layer 324' to form 

20 sidewall oxide layers 3 16' on the sides and bottoms of the trenches 312 and to form 
thermal oxide layers 316" on the inner surfaces of the vacant spaces 314 for inclusion 
into the buried insulation layers 320'. Although not shown in FIGs. 12C and 12D, in 
some embodiments according to the invention, a liner layer is formed before 
depositing the field isolation layer 324' so that the buried insulation layers 320* 

25 includes the same material as the liner layer. 

Referring to FIGs. 13 A, 13B, 14A, and 14B, the field isolafion layer 324* is 
planarized by etching until the liner layer 322 is exposed to form pattemed field 
isolation layers 324a that fill the trenches 312. The field isolation layers 324a are 
recessed into the trenches 312 until the liner layer 322a is exposed at the topside 

30 levels of the active regions to form recessed field isolation layers 324b in the trenches 
312. The top surfaces of the recessed field isolation layers 324b are lower than the 
top surfaces of the charmel silicon layers 306 and higher than the top surfaces of the 
buried insulation layers 320. 

The exposed portions of the liner layer 322, the trench mask layer 308, and 
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sidewall oxide layer 316, are removed so that the top surfaces of the active regions 
(including the channel silicon layers 306) protrude from the recessed surfaces. Also, 
the protruding portions of the active regions may include parts of the substrate 300. 
In some embodiments according to the invention, an isotropic etch is used to shape 
5 the protruding active regions. 

A gate insulation layer 328, a conductive gate layer 330, and a capping 
insulation layer 332 are deposited on the substrate 300. In some embodiments 
according to the invention, the gate insulation layer 328 is formed of a silicon oxide 
layer, such as a thermal oxide layer. In some embodiments according to the invention, 

10 the conductive gate layer 330 includes doped polycrystalline silicon that is planarized. 
In some embodiments according to the invention, the conductive gate layer 330 
includes a metal silicide layer formed on the doped polycrystalline silicon layer. In 
some embodiments according to the invention, the capping insulation layer 332 is a 
dielectric (or insulation) material, such as silicon-nitride or silicon-oxide-nitride, that . 

15 can provide a reflection protecting layer or a hard mask layer 

Referring to FIGs. ISAand 15B, the capping insulation layer 332, the 
conductive gate layer 330, and the gate insulation layer 328 are patterned to form gate 
layers 335 that include the gate insulation layers 328a, the gate electrodes 330a, and 
the capping insulation layers 332a. The gate layers 335 are arranged across the 

20 exposed top surfaces of the active regions. The gate layers 335 are used as mask 

layers for an ion implantation to form the impurity diffusion regions that make up the 
source and drain regions 340s and 340d respectively. The source and drain regions 
340s and 340d are disposed within the channel silicon layers 306 and on the buried 
insulation layers 200a, which can reduce expansion of depletion regions around the 

25 drain regions to reduce short channel and punch-through effects because it. In some 
embodiments according to the invention, gate spacers are formed on both sides of the 
gate layers 335. 

FIG 16 is a perspective view of a partial structure of the DRAM cell array 
according to some embodiments of the invention. Referring to FIG 16, the channel 
30 silicon layers 306 are disposed in the integrated circuit substrate 300. In some 

embodiments according to the invention, the channel silicon layers 306 are formed of 
single crystalline silicon using epitaxial growth. The channel silicon layers 306 and 
the substrate 300 are sequentially patterned to form trenches 312. The trenches 312 
define active regions, containing field isolation layers 402a therein. 

13 
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Liner layers 400b are formed in the trenches 312 between the field isolation 
layers 402a (on the bottoms and sides of the trenches 312). Top surfaces of the liner 
layers 400b are recessed to be lower than the top surfaces of the active regions, 
thereby forming grooves 405 between the top surfaces of the active regions and the 
5 top surfaces of the field isolation layers 402a. That is, the grooves 405 expose both 
topsides of the active regions. In some embodiments according to the invention, the 
liner layers 400b are formed to be thicker than those (322a) shown in FIG 10. 

Gate layers 415 are formed across the active regions and the field isolation 
layers 402a. The gate layers 41 5 are formed of gate insulation layer 407a, gate 

10 electrodes 409a, and capping insulation layers 411a. The gate insulation layers 407a 
are conformally deposited in the grooves 405. The gate electrodes 409a are deposited 
to extend into and fill the grooves 405. As shown in FIG 16, the gate electrodes 409a 
form a duplicate structure, crossing the tops and sides of the active regions (including 
the channel silicon layers 306). The duplicate gate structure can control the channel 

15 regions (defined by the exposed top and side surfaces of the active regions) more 
efficiently to thereby reduce short channel and punch-through effects. 

In some embodiments according to the invention, the liner layers 400b are 
insulation layers having an etch selectivity relative to the field isolation layers 402a. 
In some embodiments according to the invention, the liner layers 400b are formed of 

20 a material having an etch selectivity relative to the channel silicon layers 306 or the 
substrate 300. For example, the liner layers 400b can be formed of silicon-nitride or 
silicon-oxide-nitride. 

Sidewall oxide layers 316 are deposited on the bottoms and sides of the 
trenches 312 so that top surfaces of the sidewall oxide layers 316 form the bottoms of 

25 the grooves 405. That is, inner sidewalls of the grooves 405 are defined by the 

exposed sides of the active regions and the top surfaces of the field isolation layers 
402a, and the bottoms of the grooves 405 are defined by the sidewall oxide layers 316 
and the liner layers 400b. The sidewall oxide layers 316 may be formed of thermal 
oxides. Impurity diffusion layers are formed in the active regions on both sides of the 

30 gate layers 415. The impurity diffiision layers provide source and drain regions 420s 
and 420d respectively. The source and drain regions 420s and 420d are located within 
the channel silicon layers 306. 

Buried insulation layers 320a are formed under the channel silicon layers 306, 
contacting the bottoms of the drain regions 340d. In some embodiments according to 
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the invention, the buried insulation layers 320a are formed of thermal oxides. In some 
embodiments according to the invention, the buried insulation layers 320a are formed 
of the same material as the sidewall oxide layers 316. In some embodiments 
according to the invention, the buried insulation layers 320a may contain vacancies 
5 (or voids) therein. 

The buried insulation layers 320a under the channel silicon layers 306 and 
under the drain regions 420d, can reduce the extension of depletion regions around the 
drain regions 420d. The buried insulation layers 320a can also reduce short channel 
effects and punch-through phenomena. Moreover, the duplicate gate structure which 

10 is configured to control the channel regions defined with the exposed top and sides of 
the active regions may provide for more efficient control of the channel to reduce the 
short channel effects and punch-through phenomenon. In addition, by avoiding the 
use of an SOI substrate, an integrated circuit device according to some embodiments 
of the invention may have increased resistance to short channel effects and punch- 

1 5 through effects at a lower manufacturing cost. . 

FIGs. 17A through 20B illustrate steps of forming a device shown in FIG 16 
according to some embodiments of the invention. The sections in FIGs. 1 7A through 
20A are taken along line VI-VI' of FIG 16 while the sections FIGs. 17B through 20B 
are taken along line VII- VII* of FIG 16. 

20 Referring to FIGs. 17 A, and 17B, the trenches 312 and the vacant spaces 314 

are formed as described in reference to FIGs. 10-15. Shallow trenches are formed in 
the substrate 300 and passivation layers are deposited to fill the shallow trenches. In 
some embodiments according to the invention, the passivation layers are formed of a 
silicon-germanium compound. The channel silicon layer 306 is deposited on the 

25 substrate 300 including on the passivation layers. The channel silicon layer 306 
provides channel regions for subsequently formed transistors, and can be single 
crystalline silicon formed by epitaxial growth. Trench mask layer 308 is formed 
exposing predetermined regions on the channel silicon layer 306. The channel silicon 
layer 306 and the substrate are partially etched away through mask layer 308 to form 

30 the trenches 3 12 so that sides of the passivation layers are exposed. The exposed 
passivation layers 304 are selectively etched away to form the vacant spaces 314. 

The buried insulation layers 320a are formed to fill the vacant spaces 314. 
The buried insulation layers 320a are formed of thermal oxide layers. During this, the 
sidewall oxide layers 316 are formed on the bottoms and sides of the trenches 312. 
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The buried insulation layers 320a may be formed with vacancies. 

A liner layer 400 of silicon-nitride is conformally deposited on the substrate 
300 (including the buried insulation layers 320a) and a field isolation layer 402 of 
silicon-oxide is deposited on the liner layers 400 to fill the trenches 312. In some 
5 embodiments according to the invention, the liner layer 400 is an insulation layer 
having an etch selectivity relative to the field isolation layer 402. For example, the 
liner layer 400 can be silicon-nitride or silicon-oxide-nitride. The field isolation layer 
402 is formed of silicon-nitride, for example. 

For the purpose of reducing the ratio of length and w^idth of the trenches 312, 
10 the trench mask layer 308 can be removed before forming the liner layer 400. A 
thermal oxide layer may be generated betv^een the liner layer 400 and the active 
regions. 

Referring to FIGs. 1 8 A, 1 8B, 1 9A, and 1 9B, the field isolation layer 402, the 
liner layer 400, and the trench mask layer 308 are planarized by etching to expose the 

1 5 top surfaces of the channel silicon layers 306 to form pattemed field isolation layers 
402a. The liner layers 400a and the field isolation layers 402a are stacked in the 
trenches 312. The planarization may be carried out by means of chemical-mechanical 
planarization (CMP) process. 

The grooves 405 are formed to expose the top surfaces the active regions. The 

20 grooves 405 expose the top surfaces of the field isolation layers 402a adjacent to the 
sides of the active regions. The liner layers 400a are recessed to expose the sidewall 
oxide layers 316 located on the top surfaces of the active regions. The exposed 
sidev^all oxide layers 316 are removed to expose the top surfaces of the active 
regions, so that the grooves 405 are formed therein. While removing the exposed 

25 sidew^all oxide layers 316, the top and side surfaces of the field isolation layers 402b 
may be recessed. Inner sidew^alls of the grooves 405 are defined by the top surfaces 
of the active regions and the field isolation layers 402a, and the bottoms of the 
grooves 405 are defined by the sidewall oxide layers 316 and the liner layers 400b 
which are recessed. 

30 The gate insulation layer 407 is deposited on the substrate 300 in the grooves 

405. The conductive gate layer 409 is deposited on the gate insulation layer 407, 
filling the grooves 405. A capping insulation layer 41 1 is deposited on the conductive 
gate layer 409. The gate insulation layer 407 may be formed of a CVD silicon oxide, 
such as a thermal oxide layer. The conductive gate layer 409 may be formed of doped 
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polycrystalline silicon. The conductive gate layer 409 may also include a metal 
silicide layer formed on the doped polycrystalline silicon layer. The doped 
polycrystalline silicon layer may be planar in the grooves 405. The capping insulation 
layer 411 is made of a dielectric (or insulation) material such as silicon-nitride or 
5 silicon-oxide-nitride. 

Referring to FIGs. 20A and 20B, the capping insulation layer 41 1, the 
conductive gate layer 409, and the gate insulation layer 407 are patterned according to 
a predetermined configuration, to form the gate layers 415 including the gate 
insulation layers 407a, the gate electrodes 409a, and the capping insulation layers 
10 ; 411a. The gate electrodes 409a are formed across the active regions and the field 
isolation layers 402a, filling the grooves 405 located thereunder. Thus, the gate 
electrodes 409a form a duplicate structure covering the top surfaces and sides of the 
active regions. 

The gate layers 415 are used as mask layers for an ion implantation to form 

15 . impurity diffusion regions that provide source and drain regions 420s and 420d 
respectively. Preferably, the soxirce and drain regions 420s and 420d are disposed 
within the channel silicon layers 306. The drain regions 420d are formed on the 
buried insulation layers 320a, which can reduce short channel effects and punch- 
through by reducing the expansion of depletion regions around the drain regions. 

20 . In some embodiments according to the invention, gate spacers are formed on 

both sides of the gate layers 415. Throughout the embodiments described above, the 
structural elements corresponding to each other may be formed of the same material. 

According to the features of the present invention, the buried insulation 
layers are formed under the drain regions by selectively removing silicon-germanium 

25 layers formed by epitaxial growth thereby reducing the extension of depletion regions 
around the drain regions, thereby reducing short channel and punch-through 
phenomena. The epitaxial growth techniques may take the place of expensive SOI 
substrates which have disadvantages of floating body effects and inefficient properties 
for heat transmission, enhancing product competitiveness with lower costs. 

30 Furthermore, a duplicate gate structure can be formed by recessing field isolation 

layers or shaping the grooves to control the channel regions defined with the exposed 
top and sides of the active regions more efficiently thereby reducing the short channel 
and punch-through effects. 
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While the invention has been particularly described with reference to the 
embodiments herein, it will be understood by those of ordinary skill in the art 
that various changes in form and details may be made therein without departing 
from the spirit and scope of the invention as defined by the following claims. 
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